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Cooking fuels and prevalence of asthma: a global analysis of
phase three of the International Study of Asthma and
Allergies in Childhood (ISAAC)

Gary W K Wong, Bert Brunekreef, Philippa Ellwood, H Ross Anderson, M Innes Asher, Julian Crane, Christopher KW Lai, for the ISAAC Phase Three
Study Group*

Summary

Background Indoor air pollution from a range of household cooking fuels has been implicated in the development
and exacerbation of respiratory diseases. In both rich and poor countries, the effects of cooking fuels on asthma and
allergies in childhood are unclear. We investigated the association between asthma and the use of a range of cooking
fuels around the world.

Methods For phase three of the International Study of Asthma and Allergies in Childhood (ISAAC), written
questionnaires were self-completed at school by secondary school students aged 13-14 years, 244734 (78%) of whom
were then shown a video questionnaire on wheezing symptoms. Parents of children aged 6-7 years completed the
written questionnaire at home. We investigated the association between types of cooking fuels and symptoms of
asthma using logistic regression. Adjustments were made for sex, region of the world, language, gross national
income, maternal education, parental smoking, and six other subject-specific covariates. The ISAAC study is now
closed, but researchers can continue to use the instruments for further research.

Findings Data were collected between 1999 and 2004. 512707 primary and secondary school children from 108
centres in 47 countries were included in the analysis. The use of an open fire for cooking was associated with an
increased risk of symptoms of asthma and reported asthma in both children aged 6-7 years (odds ratio [OR] for
wheeze in the past year, 1-78, 95% CI 1-51-2-10) and those aged 13-14 years (OR 1-20, 95% CI 1-06-1-37). In the
final multivariate analyses, ORs for wheeze in the past year and the use of solely an open fire for cooking were
2-17 (95% CI 1-64-2-87) for children aged 6-7 years and 1-35 (1-11-1-64) for children aged 13-14 years. Odds
ratios for wheeze in the past year and the use of open fire in combination with other fuels for cooking were 1-51
(1-25-1-81 for children aged 6-7 years and 1-35 (1-15-1-58) for those aged 13-14 years. In both age groups, we
detected no evidence of an association between the use of gas as a cooking fuel and either asthma symptoms or
asthma diagnosis.

Interpretation The use of open fires for cooking is associated with an increased risk of symptoms of asthma and of
asthma diagnosis in children. Because a large percentage of the world population uses open fires for cooking, this
method of cooking might be an important modifiable risk factor if the association is proven to be causal.

Funding BUPA Foundation, the Auckland Medical Research Foundation, the Health Research Council of New
Zealand, the Asthma and Respiratory Foundation of New Zealand, the Child Health Research Foundation, the
Hawke’s Bay Medical Research Foundation, the Waikato Medical Research Foundation, Glaxo Wellcome New Zealand,
the NZ Lottery Board, Astra Zeneca New Zealand, Hong Kong Research Grant Council, Glaxo Wellcome International
Medical Affairs.

Introduction

Despite much research, little is known about the cause of
asthma. The international study of asthma and allergies
in childhood (ISAAC) has documented a wide variation
in asthma prevalence across the world and has also
detected evidence of a continuing increase, especially in
low-income and middle-income countries." The possible
role of air pollution in the development of respiratory
diseases is a major focus of research. Several studies
have investigated the association between indoor air
pollution and asthma and chronic obstructive pulmonary
disorder (COPD).** In high-income countries, the use of
gas appliances for cooking has been implicated as a

cause of respiratory symptoms, particularly in women.’
The use of gas as cooking fuel has also been implicated
as one of the factors that might explain the higher asthma
prevalence in Chinese children in Hong Kong compared
with children in other Chinese cities.® However, results
from the European community respiratory health survey
of more than 10000 respondents did not show any
relation between the use of gas for cooking and
obstructive respiratory symptoms.’

Exposures to domestic fire burning of coal and biomass
such as wood, animal dung, and crop residues for
cooking or heating are widespread, especially in rural
areas of poor countries. According to WHO, at least half
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the world’s population live in households in which solid
fuels or biomass are the primary fuel for cooking,
heating, or both.** In resource-poor countries, cooking
with biomass is typically done on unvented stoves
without any form of ventilation system.” In India,
biomass burning has been shown to be associated with
increased respiratory symptoms in children.” A
nationwide study in India showed that exposure to the
combustion of biomass and solid fuels was associated
with an increased risk of asthma in women.” A study of
508 adults in the USA also showed a positive association
between asthma and exposure to cooking indoors with
wood and coal.” WHO estimated that indoor air pollution
from the burning of biomass causes almost 2 million
deaths annually.® Because the burning of biomass fuel or
the use of gas for cooking are potentially modifiable
factors, the study of their relation with asthma and
wheezing illnesses in children is important.

Many studies of the association between cooking fuel
and asthma have been of low statistical power.
Furthermore, estimation of the individual exposure
presents a major challenge because the proximity to the
sources of exposure, the duration of exposure, and
accurate assessment of ventilation are not easily
quantifiable in large studies. The existing evidence about
the association between household air pollution from
biomass burning and asthma is conflicting, with more
consistent positive associations in children than in
adults.**® We investigated the relation between asthma
and the use of a range of cooking fuels in study centres
around the world. Using standardised methods, phase
one of ISAAC documented large variations in asthma
prevalence across the world. Phase two included objective
measurements including skin-prick test and bronchial
challenge test, providing further support of the
importance of environmental factors in the development
of asthma. The results reported here are based on a
detailed environmental questionnaire administered to
children in 47 countries to test different cause hypotheses
of asthma as part of the phase three ISAAC study.

Methods

Study design

ISAAC phase three is an expansion using the same
study design of the first phase of ISAAC, findings from
which showed a wide variation in the prevalence of
childhood asthma and related atopic disorders across
the world."*® The details of the study protocol are
available elsewhere.”” Briefly, written questionnaires
were self-completed at school by secondary school
students aged 13-14 years who were then, in most
centres, shown a video questionnaire on wheezing
symptoms. 244734 (78%) adolescents completed a video
questionnaire on wheezing symptoms. Parents of
children aged 6-7 years completed the written
questionnaire at home. School children in these two
targeted age groups were randomly selected by
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individual centres from within a defined geographical
area. Studies were done with local ethics approval and
the method of consent was determined by local ethics
committees.”” The ISAAC International Data Centre in
Auckland, New Zealand, assessed the submitted data
for adherence to the standardised ISAAC protocol. In
this Article, we focus on “current wheeze” (in response
to the question “Have you (has your child) had wheezing
or whistling in the chest in the past 12 months?”),
“asthma ever” (“Have you (has your child) ever had
asthma?”), symptoms of “rhinoconjunctivitis” (“In the
past 12 months, have you (has your child) had a problem
with sneezing, or a runny, or blocked nose when you
(he/she) did not have a cold or the flu?” and “In the past
12 months, has this nose problem been accompanied
by itchy-watery eyes?”), and symptoms of “eczema”
(“Have you (has your child) had this itchy rash at any
time in the past 12 months?” and “Has this itchy rash at
any time affected any of the following places: the folds
of the elbows, behind the knees, in front of the ankles,
under the buttocks, or around the neck, ears or eyes?”).
These questions related to eczema were preceded by

For the core and environmental

the question “Have you (has your child) ever had an questionnaires see https/isaac.
itchy rash coming and going for at least 6 months?”; if aucklandac.nz/

Data for 165 centres in 65 countries (421544 children)
submitted to the ISAAC international data centre

>

21 centres in 16 countries (32732 children) excluded:
Centres with <60% response rate or <1000 participants

Y
144 centres in 61 countries (388 812 children)

>

include the EQ)

69 centres in 38 countries (168 404 children) excluded (centres that did not

Y
75 centres in 32 countries (220408 children)

Centres with <70% data for cooking fuel

5 centres in 3 countries (22 010 children) excluded:
Centres that did not include the question on cooking fuel in the EQ

Participants with missing data for cooking fuel or sex

Y

70 centres in 29 countries (198398 children) in the adjusted
analysis of the effect of exposure to cooking fuel

| Centres with <70% data for any covariates

26 centres in 7 countries (100 672 children) excluded:

Participants with missing data for any covariates

A4
44 centres in 21 countries (97726 children) in the adjusted
and multivariate analyses of the effect of exposure to cooking
fuel among participants with full data for all variables

Figure 1: Trial profile for children aged 6-7 years
EQ=environmental questionnaire.
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Data for 242 centres in 98 cou
submitted to the ISAAC intern

ntries (814 836 adolescents)
ational data centre

A

9 centres in 6 countries (16 152 adolescents) excluded:

Centres with <70% response rate or <1000 participants

y

233 centres in 97 countries (798 684 adolescents)

A

111 centres in 59 countries (437 086 adolescents) excluded (centres that did

—> not include the EQ)

y

122 centres in 54 countries (361598 adolescents)

A

14 centres in 7 countries (47289 adolescents) excluded:

Centres that did not include the question on cooking oil in the EQ
Centres with <70% data for cooking fuel

Participants with missing data for cooking fuel or sex

y

108 centres in 47 countries (314309 adolescents) in the
adjusted analysis of the effect of exposure to cooking fuel

A

43 centres in 16 countries (160 022 adolescents) excluded:
Centres with <70% data for any covariates
Participants with missing data for any covariates

b

y

fuel among participants with f

65 centres in 31 countries (154 287 adolescents) in the adjusted
and multivariate analyses of the effect of exposure to cooking

ull data for all variables

Figure 2: Trial profile for children aged 13-14 years
EQ=environmental questionnaire.
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the answer to this question was negative, the following
questions about eczema were not asked. We analysed
“symptoms of severe asthma”, defined as children with
current wheeze who, according to the written
questionnaire, in the past 12 months had four or more
attacks of wheeze, or one or more nights of sleep
disturbance from wheeze per week, or wheeze that was
severe enough to limit the child’s speech to only one or
two words at a time between breaths. Previous ISAAC
analyses showed that a combination of these charac-
teristics of more severe wheezing episodes was more
closely associated with asthma mortality and hospital
admissions than current wheeze alone.” Additionally,
children aged 13-14 years were asked to respond to a
video questionnaire showing various symptoms of
wheeze in children of similar age, and a positive
response to the question relating to a scene showing a
young person wheezing at rest (“Has your breathing
ever been like this in the past 12 months?”) was defined
as “current wheeze-video”.”

In ISAAC phase three, an optional environmental
questionnaire (dependent on the resources available at
each centre) was administered in addition to the core
symptom questionnaire to assess several specific cause

hypotheses.” One of the questions in the environmental
questionnaire that we analysed in the present study was
“What fuel is usually used for cooking in your house?”
The four answers to choose from were “electricity”,
“gas”, “open fires”, and “other” (if respondents chose
other, they had to specify which fuel they used).
Respondents could choose more than one category. For
this analysis, we used “electricity” as the reference
group, and compared it with the other categories,
including “gas”, “open fires only”, “open fire in
combination with other fuel”, “multiple non-fire fuel”,
and “other fuel only”. The group of “other fuel” is small
but heterogeneous, including the use of microwave,
solar power, kerosene, liquid petroleum gas, and
methane.

Statistical analysis

We calculated odds ratios (ORs) using generalised
linear mixed models for a binomial distribution and
logit link and with the centres modelled as a random
effect. In the initial analyses of associations between
outcomes and use of different types of cooking fuel, all
children from centres with submission of cooking fuel
data were included with adjustment for sex, region of
the world, language, and gross national income.
Regions of the world were Africa, Asia-Pacific, Eastern
Mediterranean, Latin America, North America,
northern and eastern Europe, Oceania, the Indian sub-
continent, and western Europe. The written question-
naire was translated from English, according to the
standardised ISAAC phase three protocol, into local
languages: including Arabic, Chinese, English, Hindji,
Indonesian, Portuguese, and Spanish.* Centres were
allocated to four categories of socioeconomic status
based on their country’s gross national income per
person: low, lower-middle, upper-middle, and high, as
categorised by World Bank gross national income
data.” To define affluent and non-affluent status, we
combined the lower three categories as the non-affluent
countries and the top category as the affluent countries.
In the final models, we did multivariate analyses,
adjusting for other covariates in the environmental
questionnaire, including maternal education, maternal
and paternal smoking, television watching, exercise,
siblings (older and younger), consumption of fast food,
frequency of truck traffic, and paracetamol use. We
included these factors because they were known to be
associated with respiratory symptoms or have been
shown by our previous studies to be associated with
wheeze and asthma.”” We tested the effect modification
by sex and by affluence by comparing the log-
transformed ORs for boys and girls, and for affluent
and non-affluent study centres. The log-odds-ratio for
interaction was derived as the difference between the
stratum-specific log-odds-ratios, and its variance was
estimated as the sum of the variances of each of the
stratum-specific log-odds-ratios. For the children aged
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13-14 years, data for 242 centres in 98 countries with
814836 participants were submitted to the ISAAC
International Data Centre for data analyses. For
children aged 6-7 years, data for 165 centres in
65 countries with 421544 participants were submitted.
Adherence to the ISAAC protocol was assessed, and
centres with serious deviations from protocol (<70%
response rate for the adolescents and <60% for the
children, and centres with <1000 participants for both
age groups) were excluded from the worldwide data
analyses.”” For inclusion in the final analysis, centres
needed 70% or more of participants with data for the
use of cooking fuels and all covariates. SAS version 9.1
was used for all analyses.

Role of the funding source

The study sponsors had no role in the study design, data
collection, analysis, data interpretation, writing of the
report, or the decision to submit the paper for publication.
The authors had the responsibility to write and submit
the paper for publication, with the involvement of the
ISAAC Phase Three Study Group. The corresponding
author had full access to all the data and the final
responsibility to submit for publication.

Results

Data were collected between 1999 and 2004. In the
initial statistical models, there were 198398 children
aged 6-7 years from 70 centres in 29 countries (figure 1)
and 314309 children aged 13-14 years from 108 centres
in 47 countries (figure 2). Tables 1 and 2 show the dis-
tribution of the use of different types of fuel for cooking
by region for the two age groups (see appendix for the
prevalence rates of the various health outcomes in
relation to the use of different types of cooking fuel in
the two age groups). In the final multivariate analysis,
only those children with complete covariate data were
included (figures 1 and 2). As shown in tables 1 and 2,
the highest percentages for the use of any open fire or
open fire only were from Africa, the Indian subcontinent,
and the Asia-Pacific region. For the initial and final
multivariate analyses in both age groups, we detected
statistically significant and consistent associations
between the use of an open fire for cooking and current
symptoms of wheeze and asthma (tables 3 and 4). In the
multivariate analyses for children aged 13-14 years, the
“use of open fire only” for cooking was associated with
current wheeze as assessed by both the written and
video questionnaires (table 4). In children aged
6-7 years, “use of open fire only” for cooking was
associated with current wheeze, severe asthma
symptoms, and ever reported asthma (table 3).
Furthermore, in children aged 13-14 years, the use of
open fire only for cooking was associated with ever
reported eczema and current symptoms of eczema, and
the use of open fire in combination with other fuels for
cooking was also associated with ever reported eczema
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and current symptoms of eczema (table 4). In those
aged 6-7 years, the association between the symptom of
wheeze or severe asthma with the use of open fires only
seemed stronger compared with use of open fire in
combination with other fuel (table 3).

Tables 5 and 6 show the association between current
wheeze and the use of different types of cooking fuel
stratified by sex and country affluence. We did not detect
any significant interaction between sex and the use of
different fuels in their associations with current wheeze.
When stratified by country affluence, the associations
with current wheeze were statistically significant for the
two age groups for any open fires and open fire only in
non-affluent countries only, but tests for interaction
between country affluence and use of different fuels in
their associations with current wheeze were not
significant (appendix).

In both age groups, symptoms of wheeze and ever
reported asthma were not associated with the use of gas
as a cooking fuel (table 7). Furthermore, none of the
associations of these outcomes with gas cooking was
statistically significant when stratified according to sex or
country affluence in either age group (tables 5 and 6).

N Multiple Other Any Openfire Gasonly Electricity
non-fire fuelonly openfire only (%) (%) only (%)
fuels (%) (%) (%)

Africa 2308 0% 42% 21% 0% 23% 14%
Asia-Pacific 27022 11% 1% 1% 2% 78% 7%
Eastern Mediterranean 14977 3% <0-5% 1% <0-5% 94% 1%
Indian subcontinent 42521 4% 9% 3% 4% 79% 1%
Latin America 46586 3% <0-5% 1% 1% 91% 5%
North America 3948 1% 0% <0-5% 0% 67% 32%
Northern and eastern 15139 5% <0-5% 1% 3% 65% 26%
Europe
Oceania 10810 7% <0-5% <0-5% 1% 9% 82%
Western Europe 35087 4% 1% <0-5% 1% 61% 33%
All centres 198398 5% 3% 1% 2% 74% 15%
Table 1: Global use of different types of fuels for cooking (children aged 6-7 years)

N Multiple Other Any Fireonly Gasonly Electricity
non-fire  fuel open fire (%) (%) only (%)
fuels (%) only (%) (%)

Africa 27563 6% 3% 11% 18% 43% 18%
Asia-Pacific 49820 8% 4% 3% 3% 71% 12%
Eastern Mediterranean 15523 4% 1% 2% <0-5% 91% 3%
Indian subcontinent 41703 3% 8% 6% 3% 78% 1%
Latin America 79606 5% <0-5% 3% 2% 81% 9%
North America 5290 1% 1% 1% 0% 54% 43%
Northern and eastern 26922 7% <0-5% 2% 3% 53% 35%
Europe

Oceania 19282 10% 1% 6% 12% 19% 53%
Western Europe 48600 6% 1% <0-5% 1% 57% 35%
All centres 314309 6% 2% 4% 4% 66% 18%

Table 2: Global use of different types of fuels for cooking (children aged 13-14 years)
389
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Adjusted model

Multivariate analysis

Any use of open
fire

Use of open fire
only

Any use of open fire

Use of open fire
only

Current wheeze

Current symptoms
of severe asthma

Asthma ever

Current symptoms
of
rhinoconjunctivitis

Hay fever ever

Current symptoms
of eczema

Eczema ever

1.78 (1:51-2:10)
1.83 (1-42-2:35)

137 (110-1:71)

124 (0-97-1-59)
116 (0-90-1-49)
0-93(0-73-1-21)

0-80 (0-64-1-00)

179 (1.52-2:10)
1-80 (1-40-2:32)

126 (1:06-1-49)
1.06 (0-86-1:30)
1.09 (0-91-1-31)
114 (0-96-1:35)

0-97 (0-82-1-15)

1.51 (1-25-1-81)
133 (1:02-1.73)

132 (1-08-1-61)
1.02 (0-80-1:30)
1.06 (0-84-1-33)

110 (0-91-1:33)

0-90 (0-74-1-09)

2-17 (1-64-2-87)
179 (118-2-70)

145 (1.03-2-03)
112 (0-74-1-69)
120 (0-79-1-82)
1.08 (0-75-1-55)

0-64(0-45-0-93)

Data are odds ratio (95% Cl). The reference category for these estimates is electricity only used for cooking.

Table 3: Association between any use of open fire and open fire only for cooking and current symptoms
of asthma, rhinoconjunctivitis, and eczema (children aged 6-7 years)

Adjusted model Multivariate analysis
Any use of open Use of open fire Any use of open fire  Use of open fire
fire only only

Current wheeze

Current wheeze
(video)

Current symptoms of
severe asthma

Asthma ever

Current symptoms of
rhinoconjunctivitis

Hay fever ever

Current symptoms of
eczema

Eczema ever

120 (1-06-1-37)
142 (1-18-1.71)

131 (1-12-1:52)

124 (110-1-40)
109 (0-96-1-24)

110 (0-96-1-26)
1.35 (1-17-1.56)

123 (1-07-1-42)

119 (1-05-135)
137 (114-1-64)

129 (1.10-1:50)

1.23 (1-09-139)
1.07 (0-95-1-21)

1.09 (0-95-1-25)
129 (1.13-1-49)

122 (1-06-1-40)

1:35 (1-15-1:58)
174 (1-41-213)

119 (0-98-1-46)

148 (1-28-1.72)
1.08 (0-91-1-28)

1-15 (0-95-1-40)
137 (1-13-1-66)

135 (112-1-62)

1:35 (1-11-1-64)
1.87 (1-46-2-40)

1-20 (0-93-1:55)

170 (1-43-2:03)
1.02 (0-83-1-26)

1.08 (0-85-1-38)
133 (1-07-1-66)

142 (1.14-1.76)

Data are odds ratio (95% Cl). The reference category for these estimates is electricity only used for cooking.

Table 4: Association between any use of open fire and open fire only for cooking and current symptoms
of asthma, rhinoconjunctivitis, and eczema (children aged 13-14 years)
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Discussion

The findings from this large multicentre survey show
that the use of open fires for cooking is associated with
symptoms of asthma and ever reported asthma in school
children of two age groups: 6-7 years and 13-14 years.
The associations were consistent between sexes.
Furthermore, the associations were similar using three
different validated methods to assess the symptoms of
current wheeze or ever reported asthma (self-completed
written questionnaire and video questionnaires for
children aged 13-14 vyears and parent-completed
questionnaires for children aged 6-7 years).?” When
stratified according to country affluence, we found that
current wheeze was associated with open-fire cooking in
non-affluent countries only.

The potentially detrimental effects of indoor air
pollution on the development of respiratory diseases have
attracted much attention from the research community.

Household air pollution from burning of solid fuels has
been shown to be a leading risk factor for global disease
burden.” The association between acute lower respiratory
tract infections and exposure to household burning of
biomass has been investigated in several studies and the
association has been consistent (panel).”* However,
restricted data are available for the relation between
burning of biomass and asthma. In epidemiological
studies, accurate assessment of exposure can be difficult
because the intensity of exposure depends on a range of
factors such as proximity to the source of pollution, the
duration of exposure, and the ventilation system available
in the household. The concentrations of pollution from
cooking by open fire with indoor burning of biomass are
commonly in the order of hundreds and might be up to
several thousand pm/m3 of particulates smaller than
10 pm in diameter (PM,,).*** Furthermore, households
using biomass fuel in low-income and middle-income
countries do not usually have effective ventilation systems
to reduce the indoor levels of pollutants. In high-income
countries, the effects of gas stoves and other combustion
appliances on respiratory symptoms and lung function
have been studied extensively. The use of domestic gas
appliances has been associated with respiratory symptoms
and a diminished respiratory function in children.**
However, the evidence was conflicting as to whether the
use of gas cooking is associated with asthma.

About half the world population is exposed to
household air pollution from the burning of coal or
biomass in open fires, the use of these forms of energy
sources have received much attention. The use of
biomass fuel has been estimated to be more important
than smoking of tobacco as a risk factor for COPD
globally* In a meta-analysis done by Kurmi and
colleagues, strong associations between the use of solid
fuel and COPD (OR 2-80 [95% CI 1.18-4-00]) and
chronic bronchitis (2-35 [1-92-2-80)] were seen.” Ex-
posure to wood smoke was associated with the greatest
risk of development of COPD and chronic bronchitis. In
high-income countries, most research studies have
focused on the possible effects of the use of gas as
cooking fuel. Available data are inconsistent, with some
studies showing a positive association between gas
cooking and asthma and others showing no association.
A multicentre study of children from three Chinese cities
showed that exposure to gas cooking was one of the risk
factors explaining the higher prevalence of childhood
asthma in Hong Kong when compared with children
from mainland China.® However, the PIAMA birth
cohort study did not find any association between gas
cooking and any of the respiratory outcomes assessed,
including asthma.* Furthermore, the results from the
European Community Respiratory Health Survey of
more than 10000 adults from 11 countries did not show
any association between the use of gas for cooking and
obstructive respiratory symptoms.” Some of these
inconsistencies can be explained by errors in exposure
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Countries Centres(n) Children Multiplenon-  Otherfuelonly Anyuseofopen Openfireonly  Gasonly

(n) (n) fire fuels fire
Girls 21 44 48743  131(112-154) 0-86(0-43-172) 1.56 (119-2:05) 1.93(1-23-3:02) 0-92 (0-82-1-03)
Boys 21 44 48983  1.09(0-94-1-27) 1-10(0-64-1.90) 1.45(1-13-1-87) 2:35(1-64-3:37) 0-99(0-89-1.09)
Affluent countries 6 19 42047 122 (1:07-140) 0-84(0-45-1:57) 1.27(0-90-1.79) 1.55(0-78-311) 1.01 (0-92-1-10)
Non-affluent countries 15 25 55679 110 (0-90-134) 112 (0-61-2:04) 149 (118-1-88) 2:11(1.53-2:90) 0-88 (0-76-1-01)

Data are odds ratio (95% Cl), unless otherwise stated. The reference category for these estimates is electricity only used for cooking.

Table 5: Association between cooking fuels and current wheeze by sex or country affluence (children aged 6-7 years)

Countries Centres (n) Children Multiplenon-  Otherfuelonly  Anyuseofopen Openfireonly  Gasonly

(n) (n) fire fuels fire
Girls 31 65 78550 1.25(1-06-1-48) 072 (0-49-1:06) 1:31(1-05-1-64) 1-36(1-04-1.78) 0-98 (0-89-1.09)
Boys 31 65 75737 1.06(0-89-127) 0-98(0-70-138) 1-39(1-11-1.74) 1-36(103-1.78) 1.00 (0-90-1-12)
Affluent countries 5 17 43344 1.08(0-90-131) 1.04(0-70-1.56) 0-98 (0-61-1-56) 075 (0-32-1-75) 1-00 (0-90-1-11)
Non-affluent countries 26 48 110943 118 (1:01-139) 074 (0-53-1-04) 1-38(1-16-1-65) 139 (1-13-1.71)  0-98 (0-88-1-09)

Data are odds ratio (95% Cl), unless otherwise stated. The reference category for these estimates is electricity only used for cooking.

Table 6: Association between cooking fuels and current wheeze by sex and country affluence (children aged 13-14 years)

assessment or differences in the toxicity of the pollutant

mixtures. The type and efficiency of the ventilation Adjusted model g’ﬂt;;’;riate
systems could also have affected the relation between gas
6-7 years 13-14 years 6-7 years 13-14 years

cooking and respiratory symptoms.

In poor countries, the use of open fire associated with Current wheeze 098 (0:92-1.04)  0-99 (0-94-1-:04)  0-96 (0-89-1-03)  0-99 (0-92-1.07)
use of biomass burning for cooking is far more common Currentsymptomsof ~ 1.01(0:92-110) ~ 0-97(0-91-1:03) ~ 0.97(0-87-1:09)  0-97 (0-89-1:07)
than the use of gas or electricity. Indoor air pollution severe asthma
from biomass burning has been associated with a variety Asthma ever 0-95(0-89-1:01)  0-98(0:93-1.02)  0-94(0-88-1:02)  0-99 (0-93-1:05)
of respiratory illnesses such as respiratory tract infection, Currentsymptomsof ~ 1.04 (0-97-1.01)  0-96 (0-91-1-01)  1.00 (0-92-1-09)  0-99 (0-92-1.06)

asthma, and bronchitis.” In a study from Kentucky, USA,

rhinoconjunctivitis

. Hay f 1.02(0-95-1.09)  0-96 (0-91-1:01)  1.00(0-92-1.09)  0-99 (0-92-1.0
adults reported to have used coal or wood indoors for Cay everever ] (st Boaily 6) ¢ 98 DR o)
cooking for more than 6 months had an increased risk of e:;;:; symptomsof - 0-97(0:91-1:03)  1.00(094-1:06)  0:94(0-87-1:02)  1:00(052-1.09)

asthma (OR 2-3 [1-1-5-0])." A study of 1058 children
aged 4-6 years from Guatemala showed that exposure to
open fires for cooking was associated with symptom of
wheeze (OR 3-4 [1-3-8-5])."® A study of 755 children
from rural villages in India reported that the use of
biomass burning was associated with doctor-diagnosed
asthma (OR 4-27 [3-00—4-90]).* In addition to many
studies showing the association of indoor air pollution
and respiratory symptoms, findings from several studies
have suggested an association between traffic-related air
pollution and symptoms of eczema.”* Our results also
showed that there was a consistent association between
use of open fire for cooking and reported eczema
diagnosis and symptoms of eczema in the older age
group, but there was a weak protective effect of the use of
open fire only on eczema diagnosis in the younger age
group (table 3, multivariate analysis). Two studies have
shown a positive association between eczema and the
levels of indoor air pollutants such as PM,, nitrogen
dioxide and carbon monoxide.”* The normal skin barrier
is impaired in patients with eczema. This defect of skin
barrier function might enhance the penetration of
environmental pollutants or allergens into the skin,
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Eczema ever 0-91(0-86-0-96)  0-99 (0-93-1-04)

for cooking.

0-93 (0-88-0-99)

1.01 (0-93-1-09)

Data are odds ratio (95% Cl), unless otherwise stated. The reference category for these estimates is electricity only used

rhinoconjunctivitis, and eczema, by age group

Table 7: Association between use of gas only for cooking and current symptoms of asthma,

resulting in inflammatory responses and persistent
symptoms of eczema. Chronic exposure to pollutants
could also disrupt the normal skin barrier resulting in
increased sensitivity to chemicals or allergens. Further
studies are needed to clarify these associations between
environmental pollution and eczema, and to expose the
possible underlying mechanisms.

The large sample size, the use of standardised methods
of assessment, and validated instruments are the strengths
of this study. Findings from four validation studies have
substantiated the assocation between current wheeze and
asthma-related  bronchial  hyper-responsiveness  or
confirmation of asthma by physician assessment.** Our
results are consistent with those of other studies in finding
that the use of an open fire for cooking was associated with
wheeze symptom and reported asthma in both age groups.
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Panel: Research in context

Systematic review

We searched PubMed for reports published before March 18,
2013, with the following combinations of the search terms
“cooking fuel” and “asthma”, and “biomass fuels” and
“asthma”. We identified 40 and 29 reports, respectively.
Most of these reports were review articles or studies of the
possible effects of gas cooking in rich countries. There were
only seven studies investigating the effects of biomass
burning and asthma. Among them, only two studies
investigated the association in children and both studies
were from poor countries. The results of these studies were
inconsistent as to whether exposure to biomass burning was
associated with asthma or not.

Interpretation

We report a positive association between cooking with open
fires and the symptoms and diagnosis of asthma in childhood
in both affluent and non-affluent countries. No association was
seen with the use of gas. Because cooking with open fires with
biomass or coal is very common, especially in non-affluent
countries, more detailed studies are urgently needed to
establish whether the relation is causal and to assess
intervention strategies.

Although not statistically significantly different, the
younger age-group seemed to have higher ORs for current
wheeze for the exclusive use of open fires as compared with
the use of an open fire in combination with other fuels.
When stratified according to country affluence, associations
tended to be seen only in non-affluent countries. Many
factors might affect the health effects of air pollution
generated from open fire cooking. These would include the
frequency of use of open fire cooking, the type of housing,
and the availability and efficiency of kitchen ventilation
systems. Most households using open fires for cooking in
less affluent countries are usually not equipped with an
efficient ventilation system.” By comparison with the
situation in less affluent countries, kitchen ventilation is
likely to be better in homes in affluent countries and this
factor could partly explain the discrepancy in the effect of
the use of open fire for cooking between affluent and non-
affluent countries. A randomised controlled study of
552 women from rural Mexico showed that the use of an
improved biomass stove with lower levels of pollution was
associated with a reduction of respiratory symptoms and of
lung function decline.® A major limitation of our study is
that we do not have information related to the frequency of
open fire cooking and information about kitchen ventilation
that would allow us to test these hypotheses. Our environ-
mental questionnaire did not enquire about information
related to exposure during pregnancy such that we could
not test if exposure factors during pregnancy were
associated with various health outcomes in question. The
absence of information about the use of asthma drugs is
another limitation. Our results would have been

strengthened if we could show the association of asthma
drug use and exposure to open fire cooking. Furthermore,
family history of allergies is a potential confounder but
adjustment for parental allergies in our regression models
did not change our results.

There are several factors that could affect the validity of
our results. In particular, selection bias and recall bias
could have led to a spurious positive association between
the exposure of open fire cooking and asthma symptoms.
We think this is unlikely to explain the present findings
because there is coherence between the initial analyses
using all available children and the final analyses in
selected children adjusted for important covariates, and
the results are consistent across the two age groups using
three different methods to identify asthma. By contrast
with parents of the younger children, children aged
13-14 years are unlikely to be aware of the potential
relation between the exposure and asthma symptoms
making recall bias less likely. With regards to possible
misclassification of exposure, this problem would bias
our results towards the null hypothesis. The negative
findings from children exposed to open fire cooking in
affluent countries might be explained by the lack of
statistical power owing to the small sample size.
Determination of whether current asthma symptoms
were related to the acute exposure or long term exposure
could be of interest, but our risk factor questionnaire did
not obtain information about the types of cooking fuel
used in early life or when the mother was pregnant with
the child. The use of multiple non-fire fuels was
associated with wheeze in girls in both age groups, and
in the younger children in affluent countries (tables 5
and 6). This category of fuel refers to the use of different
combinations including gas, electricity, microwave, and
even solar energy. Because many of these fuels are
thought to be clean sources of energy, the reason for this
association is not clear. However, families who can afford
the use of multiple types of fuels might have a higher
socioeconomic status and if these were more likely to
report symptoms or a diagnosis of asthma, a possibility
of residual confounding by socioeconomic status could
exists that would not be accounted for by the inclusion
maternal education in our statistical model.

If the association between open fire cooking and
asthma is causal, this factor might be a major modifiable
risk factor of asthma in children worldwide. However,
more detailed investigations are needed to confirm and
quantify this association, understand the underlying
mechanisms, and assess intervention strategies. Our
results provide further evidence that public policies and
measures to reduce indoor air pollution from burning of
biomass will translate into significant health benefits
especially in developing countries.

Contributors
All authors participated in the development, design, data collection,

analysis, and interpretation of this work. GWKW wrote the first draft and
all authors contributed to the writing of subsequent drafts of the paper.

www.thelancet.com/respiratory Vol1 July 2013



Articles

Conflicts of interest
We declare that we have no conflicts of interest.

Acknowledgments

We thank the children and parents who participated in ISAAC phase
three; the school staff for their assistance and help with coordination;
the phase three principal investigators and their colleagues; the many
funding bodies around the world that supported the individual ISAAC
centres and collaborators and their meetings. The ISAAC International
Data Centre was supported by the Health Research Council of New
Zealand, the Asthma and Respiratory Foundation of New Zealand, the
Child Health Research Foundation, the Hawke’s Bay Medical Research
Foundation, the Waikato Medical Research Foundation, Glaxo Wellcome
New Zealand, the New Zealand Lottery Board, and Astra Zeneca New
Zealand. Glaxo Wellcome International Medical Affairs supported the
regional coordination and the ISAAC International Data Centre.

References

1  The International Study of Asthma and Allergies in Childhood
(ISAAC) Steering Committee. Worldwide variation in prevalence of
symptoms of asthma, allergic rhinoconjunctivitis, and atopic
eczema: ISAAC. Lancet 1998; 351: 1225-32.

2 Asher MI, Montefort S, Bjorkstén B, et al. Worldwide time trends in
the prevalence of symptoms of asthma, allergic rhinoconjunctivitis,
and eczema in childhood: ISAAC Phases One and Three repeat
multicountry cross-sectional surveys. Lancet 2006; 368: 733—43.

3 Hsien-Ho Lin, Megan Murray, Ted Cohen, Caroline Colijn,

Majid Ezzati. Effects of smoking and solid-fuel use on COPD, lung
cancer, and tuberculosis in China: a time-based, multiple risk factor,
modelling study. Lancet 2008; 372: 1473-83.

4 Salvi SS, Barnes PJ. Chronic obstructive pulmonary disease in
non-smokers. Lancet 2009; 374: 733—43.

S Jarvis D, Chinn S, Luczynska C, Burney P. Association of
respiratory symptoms and lung function in young adults with use
of domestic gas appliances. Lancet 1996; 347: 426-31.

6  Wong GW, Ko FW, Hui DS, et al. Factors associated with
difference in prevalence of asthma in children from three cities
in China: multicentre epidemiological survey. BMJ 2004;

329: 486-89.

7 Jarvis D, Chinn S, Sterne J, Luczynska C, Burney P. The association
of respiratory symptoms and lung function with the use of gas for
cooking. European Community Respiratory Health Survey.

Eur Respir ] 1998; 11: 651-58.

8  Smith KR, Mehta S, Maeusezahl-Feuz M. Indoor air-pollution from
solid fuel use. In: Ezzatti M, Lopez AD, Rodgers A, Murray CJL,
eds. Comparative quantification of health risks: global and regional
burden of diseases attributable to selected major risk factors.
Geneva: World Health Organization, 2004. 1435-93.

9  Eva Rehfuess. Fuel for life: household energy and health. Geneva:
World Health Organization, 2006.

10  Smith KR. National burden of disease in India from indoor air
pollution. Proc Natl Acad Sci USA 2000; 97: 13286-93.

11  Kumar R, Nagar JK, Raj N, et al. Impact of domestic air pollution
from cooking fuel on respiratory allergies in children in India.
Asian Pac ] Allergy Immunol 2008; 26: 213-22.

12 Agrawal S. Effect of indoor air pollution from biomass and solid
fuel combustion on prevalence of self-reported asthma among adult
men and women in India: findings from a nationwide large-scale
cross-sectional survey. | Asthma 2012; 49: 355-65.

13 Barry AC, Mannino DM, Hopenhayn C, Bush H. Exposure to
indoor biomass fuel pollutants and asthma prevalence in
Southeastern Kentucky: results from the Burden of Lung Disease
(BOLD) study. J Asthma 2010; 47: 735-41.

14  Mohamed N, Ng'ang’a L, Odhiambo J, et al. Home environment
and asthma in Kenyan schoolchildren: a case—control study.

Thorax 1995; 50: 74-78.

15  Azizi BH, Zulkifli HI, Kasim S. Indoor air pollution and asthma in
hospitalized children in a tropical environment. | Asthma 1995;

32: 413-18.

16 Melsom T, Brinch L, Hessen JO, et al. Asthma and indoor
environment in Nepal. Thorax 2001; 56: 477-81.

17 Mishra V. Effect of indoor air pollution from biomass combustion
on prevalence of asthma in the elderly. Environ Health Perspect 2003;
111: 71-78.

www.thelancet.com/respiratory Vol1 July 2013

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

Schei MA, Hessen JO, Smith KR, et al. Childhood asthma and
indoor woodsmoke from cooking in Guatemala.

J Expo Anal Environ Epidemiol 2004; 14: S110-17.

Ellwood P, Asher MI, Beasley R, Clayton TO, Stewart AW, ISAAC
Steering Committee. The international study of asthma and
allergies in childhood (ISAAC): phase three rationale and methods.
Int J Tuberc Lung Dis 2005; 9: 10-16.

Ellwood P, Asher MI, Stewart AW, ISAAC Phase III Study Group.
The impact of the method of consent on response rates in the
ISAAC time trends study. Int J Tuberc Lung Dis 2010; 14: 1059-65.
Anderson HR, Gupta R, Kapetanakis V, et al. International
correlations between indicators of prevalence, hospital admissions
and mortality for asthma in children. Int J Epidemiol 2008;
37:573-82.

Crane |, Beasley R, Stewart B, Shaw R, Pearce N, Burgess C.

The international asthma video questionnaire for measuring
asthma prevalence in different populations.

Int Arch Allergy Immunol 1995; 107: 450-51.

ISAAC. 2009. Home page. Available: http://isaac.aucklandac.nz/
(accessed Dec 18, 2012).

Ellwood P, Williams H, Ait-Khaled N, Bjoérkstén B, Robertson C;
ISAAC Phase III Study Group. Translation of questions: the
International Study of Asthma and Allergies in Childhood (ISAAC)
experience. Int | Tuberc Lung Dis 2009; 13: 1174-82.

World Bank. World Bank GNI per capita operational guidelines and
analytical classifications. http://siteresources.worldbank.org/
DATASTATISTICS/Resources/OGHISTxls (accessed Dec 18, 2012).
Brunekreef B, Stewart AW, Anderson HR, Lai CK, Strachan DP,
Pearce N. Self-reported truck traffic on the street of residence and
symptoms of asthma and allergic disease: a global relationship in
ISAAC phase 3. Environ Health Perspect 2009; 117: 1791-98.

Beasley R, Clayton T, Crane ] et al. Association between paracetamol
use in infancy and childhood, and risk of asthma, rhinoconjunctivitis,
and eczema in children aged 6-7 years: analysis from Phase Three of
the ISAAC programme. Lancet 2008; 372: 1039—48.

Lim SS, Vos T, Flaxman AD, et al. A comparative risk assessment
of burden of disease and injury attributable to 67 risk factors and
risk factor clusters in 21 regions, 1990-2010: a systematic analysis
for the Global Burden of Disease Study 2010. Lancet 2012;

380: 2224-60.

Ezzati M, Lopez AD, Rodgers A, Vander Hoorn S, Murray CJ;
Comparative Risk Assessment Collaborating Group. Selected major
risk factors and global and regional burden of disease. Lancet 2002;
360: 1347-60.

Po JYT, FitzGerald JM, Carlsten C. Respiratory disease associated
with solid biomass fuel exposure in rural women and children:
systematic review and meta-analysis. Thorax 2011; 66: 232-39.
Dherani M, Pope D, Mascarenhas M, Smith KR, Weber M, Bruce N.
Indoor air pollution from unprocessed solid fuel use and
pneumonia risk in children aged under five years: a systematic
review and meta-analysis. Bull World Health Organ 2008; 86: 390-98.
Ezzati M, Kammen DM. The health impacts of exposure to indoor
air pollution from solid fuels in developing countries: knowledge,
gaps, and data needs. Environ Health Perspect 2002; 110: 1057-68.
Albalak R, Frisancho A, Keeler G. Domestic biomass fuel
combustion and chronic bronchitis in two rural Bolivian villages.
Thorax 1999; 54: 1004-08.

Garrett MH, Hooper MA, Hooper BM, Abramson M]. Respiratory
symptoms in children and indoor exposure to nitrogen dioxide and
gas stoves. Am J Respir Crit Care Med 1998; 158: 891-95.

Melia R]J, Florey CD, Altman DG, Swan AV. Association between
gas cooking and respiratory disease in children. BMJ 1977;
2:149-52.

Moran SE, Strachan DP, Johnston ID, Anderson HR. Effects of
exposure to gas cooking in childhood and adulthood on respiratory
symptoms, allergic sensitization and lung function in young British
adults. Clin Exp Allergy 1999; 29: 1033-41.

Kurmi OP, Semple S, Simkhada P, Smith WC, Ayres JG. COPD
and chronic bronchitis risk of indoor air pollution from solid fuel:
a systematic review and meta-analysis. Thorax 2010; 65: 221-28.
Willers SM, Brunekreef B, Oldenwening M, et al. Gas cooking,
kitchen ventilation, and asthma, allergic symptoms and sensitization
in young children: the PIAMA study. Allergy 2006; 61: 563-68.

393



Articles

394

39

41

42

43

Fullerton DG, Bruce N, Gordon SB. Indoor air pollution from
biomass fuel smoke is a major health concern in the developing
world. Trans R Soc Trop Med Hyg 2008; 102: 843-51.

Padhi BK, Padhy PK. Domestic fuels, indoor air pollution, and
children’s health. Ann N'Y Acad Sci 2008; 1140: 209-17.

Venn AJ, Kramer U, Sugiri D, et al. Eczema, respiratory allergies,
and traffic-related air pollution in birth cohorts from small-town
areas. | Dermatol Sci 2009; 56: 99-105.

Bakke JV, Wieslander G, Norback D, Moen BE. Eczema increases
susceptibility to PM10 in office indoor environments.

Arch Environ Occup Health 2012; 67: 15-21.

Pénard-Morand C, Raherison C, Charpin D, et al. Long-term
exposure to close-proximity air pollution and asthma and allergies
in urban children. Eur Respir ] 2010; 36: 33—-40.

Lai CK, Chan JK, Chan A, et al. Comparison of the ISAAC video
questionnaire (AVQ3.0) with the ISAAC written questionnaire for
estimating asthma associated with bronchial hyperreactivity.

Clin Exp Allergy 1997; 27: 540—45.

45

47

Solé D, Vanna AT, Yamada E, Rizzo MC, Naspitz CK. International
study of asthma and allergies in childhood (ISAAC) written
questionnaire: validation of the asthma component among
Brazilian children. ] Investig Allergol Clin Immunol 1998; 8: 376-82.
Gibson PG, Henry R, Shah S, et al. Validation of the ISAAC video
questionnaire (AVQ3.0) in adolescents from a mixed ethnic
background. Clin Exp Allergy 2000; 30: 1181-87.

Mata Fernandez C, Ferniandez-Benitez M, Pérez Miranda M,
Guillén Grima F. Validation of the Spanish version of the Phase IIT
ISAAC questionnaire on asthma. J Investig Allergol Clin Immunol
2005; 15: 201-10.

Romieu I, Riojas-Rodriguez H, Marrén-Mares AT, Schilmann A,
Perez-Padilla R, Masera O. Improved biomass stove intervention in
rural Mexico: impact on the respiratory health of women.

Am ] Respir Crit Care Med 2009; 180: 649-56.

www.thelancet.com/respiratory Vol1 July 2013




Articles

>S@R®

CrossMark

Lancet Respir Med 2013;
1:386-94

Published Online

May 31,2013
http://dx.doi.org/10.1016/
$2213-2600(13)70073-0

This online publication has
been corrected.

The corrected version first
appeared at thelancet.com/
respiratory on July 8, 2013

See Comment page 351

*Members listed in the appendix

Department of Paediatrics and
School of Public Health

(Prof GW KWong MD), and
Department of Medicine and
Therapeutics

(Prof CKW Lai DM), Chinese
University of Hong Kong,
Prince of Wales Hospital, Hong
Kong SAR, China; Institute for
Risk Assessment Sciences and
Julius Centre for Health
Sciences and Primary Care,
University Medical Centre
Universiteit Utrecht, Utrecht,
Netherlands

(Prof B Brunekreef PhD);
Department of Paediatrics:
Child and Youth Health,
University of Auckland,
Auckland, New Zealand

(P Ellwood MPH,

Prof M | Asher MBChB);
MRC-HPA Centre for
Environment and Health,
Division of Public Health
Sciences and Education, St
George’s, University of London,
London, UK

(Prof H R Anderson MD); and
Wellington Asthma Research
Group, Department of
Medicine, University of Otago,
Wellington, New Zealand
(Prof ] Crane MBBS)

Correspondence to:

Prof Gary WK Wong, Department
of Paediatrics, Prince of Wales
Hospital, Chinese University of
Hong Kong, Shatin, Hong Kong,
China
wingkinwong@cuhk.edu.hk

See Online for appendix

386

Cooking fuels and prevalence of asthma: a global analysis of
phase three of the International Study of Asthma and
Allergies in Childhood (ISAAC)

Gary W K Wong, Bert Brunekreef, Philippa Ellwood, H Ross Anderson, M Innes Asher, Julian Crane, Christopher KW Lai, for the ISAAC Phase Three
Study Group*

Summary

Background Indoor air pollution from a range of household cooking fuels has been implicated in the development
and exacerbation of respiratory diseases. In both rich and poor countries, the effects of cooking fuels on asthma and
allergies in childhood are unclear. We investigated the association between asthma and the use of a range of cooking
fuels around the world.

Methods For phase three of the International Study of Asthma and Allergies in Childhood (ISAAC), written
questionnaires were self-completed at school by secondary school students aged 13-14 years, 244734 (78%) of whom
were then shown a video questionnaire on wheezing symptoms. Parents of children aged 6-7 years completed the
written questionnaire at home. We investigated the association between types of cooking fuels and symptoms of
asthma using logistic regression. Adjustments were made for sex, region of the world, language, gross national
income, maternal education, parental smoking, and six other subject-specific covariates. The ISAAC study is now
closed, but researchers can continue to use the instruments for further research.

Findings Data were collected between 1999 and 2004. 512707 primary and secondary school children from 108
centres in 47 countries were included in the analysis. The use of an open fire for cooking was associated with an
increased risk of symptoms of asthma and reported asthma in both children aged 6-7 years (odds ratio [OR] for
wheeze in the past year, 1-78, 95% CI 1-51-2-10) and those aged 13-14 years (OR 1-20, 95% CI 1-06-1-37). In the
final multivariate analyses, ORs for wheeze in the past year and the use of solely an open fire for cooking were
2-17 (95% CI 1-64-2-87) for children aged 6-7 years and 1-35 (1-11-1-64) for children aged 13-14 years. Odds
ratios for wheeze in the past year and the use of open fire in combination with other fuels for cooking were 1-51
(1-25-1-81 for children aged 6-7 years and 1-35 (1-15-1-58) for those aged 13-14 years. In both age groups, we
detected no evidence of an association between the use of gas as a cooking fuel and either asthma symptoms or
asthma diagnosis.

Interpretation The use of open fires for cooking is associated with an increased risk of symptoms of asthma and of
asthma diagnosis in children. Because a large percentage of the world population uses open fires for cooking, this
method of cooking might be an important modifiable risk factor if the association is proven to be causal.

Funding BUPA Foundation, the Auckland Medical Research Foundation, the Health Research Council of New
Zealand, the Asthma and Respiratory Foundation of New Zealand, the Child Health Research Foundation, the
Hawke’s Bay Medical Research Foundation, the Waikato Medical Research Foundation, Glaxo Wellcome New Zealand,
the NZ Lottery Board, Astra Zeneca New Zealand, Hong Kong Research Grant Council, Glaxo Wellcome International
Medical Affairs.

Introduction

Despite much research, little is known about the cause of
asthma. The international study of asthma and allergies
in childhood (ISAAC) has documented a wide variation
in asthma prevalence across the world and has also
detected evidence of a continuing increase, especially in
low-income and middle-income countries." The possible
role of air pollution in the development of respiratory
diseases is a major focus of research. Several studies
have investigated the association between indoor air
pollution and asthma and chronic obstructive pulmonary
disorder (COPD).** In high-income countries, the use of
gas appliances for cooking has been implicated as a

cause of respiratory symptoms, particularly in women.’
The use of gas as cooking fuel has also been implicated
as one of the factors that might explain the higher asthma
prevalence in Chinese children in Hong Kong compared
with children in other Chinese cities.® However, results
from the European community respiratory health survey
of more than 10000 respondents did not show any
relation between the use of gas for cooking and
obstructive respiratory symptoms.’

Exposures to domestic fire burning of coal and biomass
such as wood, animal dung, and crop residues for
cooking or heating are widespread, especially in rural
areas of poor countries. According to WHO, at least half
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the world’s population live in households in which solid
fuels or biomass are the primary fuel for cooking,
heating, or both.** In resource-poor countries, cooking
with biomass is typically done on unvented stoves
without any form of ventilation system.” In India,
biomass burning has been shown to be associated with
increased respiratory symptoms in children.” A
nationwide study in India showed that exposure to the
combustion of biomass and solid fuels was associated
with an increased risk of asthma in women.” A study of
508 adults in the USA also showed a positive association
between asthma and exposure to cooking indoors with
wood and coal.” WHO estimated that indoor air pollution
from the burning of biomass causes almost 2 million
deaths annually.® Because the burning of biomass fuel or
the use of gas for cooking are potentially modifiable
factors, the study of their relation with asthma and
wheezing illnesses in children is important.

Many studies of the association between cooking fuel
and asthma have been of low statistical power.
Furthermore, estimation of the individual exposure
presents a major challenge because the proximity to the
sources of exposure, the duration of exposure, and
accurate assessment of ventilation are not easily
quantifiable in large studies. The existing evidence about
the association between household air pollution from
biomass burning and asthma is conflicting, with more
consistent positive associations in children than in
adults.**® We investigated the relation between asthma
and the use of a range of cooking fuels in study centres
around the world. Using standardised methods, phase
one of ISAAC documented large variations in asthma
prevalence across the world. Phase two included objective
measurements including skin-prick test and bronchial
challenge test, providing further support of the
importance of environmental factors in the development
of asthma. The results reported here are based on a
detailed environmental questionnaire administered to
children in 47 countries to test different cause hypotheses
of asthma as part of the phase three ISAAC study.

Methods

Study design

ISAAC phase three is an expansion using the same
study design of the first phase of ISAAC, findings from
which showed a wide variation in the prevalence of
childhood asthma and related atopic disorders across
the world."*® The details of the study protocol are
available elsewhere.”” Briefly, written questionnaires
were self-completed at school by secondary school
students aged 13-14 years who were then, in most
centres, shown a video questionnaire on wheezing
symptoms. 244734 (78%) adolescents completed a video
questionnaire on wheezing symptoms. Parents of
children aged 6-7 years completed the written
questionnaire at home. School children in these two
targeted age groups were randomly selected by
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individual centres from within a defined geographical
area. Studies were done with local ethics approval and
the method of consent was determined by local ethics
committees.”” The ISAAC International Data Centre in
Auckland, New Zealand, assessed the submitted data
for adherence to the standardised ISAAC protocol. In
this Article, we focus on “current wheeze” (in response
to the question “Have you (has your child) had wheezing
or whistling in the chest in the past 12 months?”),
“asthma ever” (“Have you (has your child) ever had
asthma?”), symptoms of “rhinoconjunctivitis” (“In the
past 12 months, have you (has your child) had a problem
with sneezing, or a runny, or blocked nose when you
(he/she) did not have a cold or the flu?” and “In the past
12 months, has this nose problem been accompanied
by itchy-watery eyes?”), and symptoms of “eczema”
(“Have you (has your child) had this itchy rash at any
time in the past 12 months?” and “Has this itchy rash at
any time affected any of the following places: the folds
of the elbows, behind the knees, in front of the ankles,
under the buttocks, or around the neck, ears or eyes?”).
These questions related to eczema were preceded by

For the core and environmental

the question “Have you (has your child) ever had an questionnaires see https/isaac.
itchy rash coming and going for at least 6 months?”; if aucklandac.nz/

Data for 165 centres in 65 countries (421544 children)
submitted to the ISAAC international data centre

>

21 centres in 16 countries (32732 children) excluded:
Centres with <60% response rate or <1000 participants

Y
144 centres in 61 countries (388 812 children)

>

include the EQ)

69 centres in 38 countries (168 404 children) excluded (centres that did not

Y
75 centres in 32 countries (220408 children)

Centres with <70% data for cooking fuel

5 centres in 3 countries (22 010 children) excluded:
Centres that did not include the question on cooking fuel in the EQ

Participants with missing data for cooking fuel or sex

Y

70 centres in 29 countries (198398 children) in the adjusted
analysis of the effect of exposure to cooking fuel

| Centres with <70% data for any covariates

26 centres in 7 countries (100 672 children) excluded:

Participants with missing data for any covariates

A4
44 centres in 21 countries (97726 children) in the adjusted
and multivariate analyses of the effect of exposure to cooking
fuel among participants with full data for all variables

Figure 1: Trial profile for children aged 6-7 years
EQ=environmental questionnaire.
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Data for 242 centres in 98 cou
submitted to the ISAAC intern

ntries (814 836 adolescents)
ational data centre

A

9 centres in 6 countries (16 152 adolescents) excluded:

Centres with <70% response rate or <1000 participants

y

233 centres in 97 countries (798 684 adolescents)

A

111 centres in 59 countries (437 086 adolescents) excluded (centres that did

—> not include the EQ)

y

122 centres in 54 countries (361598 adolescents)

A

14 centres in 7 countries (47289 adolescents) excluded:

Centres that did not include the question on cooking oil in the EQ
Centres with <70% data for cooking fuel

Participants with missing data for cooking fuel or sex

y

108 centres in 47 countries (314309 adolescents) in the
adjusted analysis of the effect of exposure to cooking fuel

A

43 centres in 16 countries (160 022 adolescents) excluded:
Centres with <70% data for any covariates
Participants with missing data for any covariates

b

y

fuel among participants with f

65 centres in 31 countries (154 287 adolescents) in the adjusted
and multivariate analyses of the effect of exposure to cooking

ull data for all variables

Figure 2: Trial profile for children aged 13-14 years
EQ=environmental questionnaire.
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the answer to this question was negative, the following
questions about eczema were not asked. We analysed
“symptoms of severe asthma”, defined as children with
current wheeze who, according to the written
questionnaire, in the past 12 months had four or more
attacks of wheeze, or one or more nights of sleep
disturbance from wheeze per week, or wheeze that was
severe enough to limit the child’s speech to only one or
two words at a time between breaths. Previous ISAAC
analyses showed that a combination of these charac-
teristics of more severe wheezing episodes was more
closely associated with asthma mortality and hospital
admissions than current wheeze alone.” Additionally,
children aged 13-14 years were asked to respond to a
video questionnaire showing various symptoms of
wheeze in children of similar age, and a positive
response to the question relating to a scene showing a
young person wheezing at rest (“Has your breathing
ever been like this in the past 12 months?”) was defined
as “current wheeze-video”.”

In ISAAC phase three, an optional environmental
questionnaire (dependent on the resources available at
each centre) was administered in addition to the core
symptom questionnaire to assess several specific cause

hypotheses.” One of the questions in the environmental
questionnaire that we analysed in the present study was
“What fuel is usually used for cooking in your house?”
The four answers to choose from were “electricity”,
“gas”, “open fires”, and “other” (if respondents chose
other, they had to specify which fuel they used).
Respondents could choose more than one category. For
this analysis, we used “electricity” as the reference
group, and compared it with the other categories,
including “gas”, “open fires only”, “open fire in
combination with other fuel”, “multiple non-fire fuel”,
and “other fuel only”. The group of “other fuel” is small
but heterogeneous, including the use of microwave,
solar power, kerosene, liquid petroleum gas, and
methane.

Statistical analysis

We calculated odds ratios (ORs) using generalised
linear mixed models for a binomial distribution and
logit link and with the centres modelled as a random
effect. In the initial analyses of associations between
outcomes and use of different types of cooking fuel, all
children from centres with submission of cooking fuel
data were included with adjustment for sex, region of
the world, language, and gross national income.
Regions of the world were Africa, Asia-Pacific, Eastern
Mediterranean, Latin America, North America,
northern and eastern Europe, Oceania, the Indian sub-
continent, and western Europe. The written question-
naire was translated from English, according to the
standardised ISAAC phase three protocol, into local
languages: including Arabic, Chinese, English, Hindji,
Indonesian, Portuguese, and Spanish.* Centres were
allocated to four categories of socioeconomic status
based on their country’s gross national income per
person: low, lower-middle, upper-middle, and high, as
categorised by World Bank gross national income
data.” To define affluent and non-affluent status, we
combined the lower three categories as the non-affluent
countries and the top category as the affluent countries.
In the final models, we did multivariate analyses,
adjusting for other covariates in the environmental
questionnaire, including maternal education, maternal
and paternal smoking, television watching, exercise,
siblings (older and younger), consumption of fast food,
frequency of truck traffic, and paracetamol use. We
included these factors because they were known to be
associated with respiratory symptoms or have been
shown by our previous studies to be associated with
wheeze and asthma.”” We tested the effect modification
by sex and by affluence by comparing the log-
transformed ORs for boys and girls, and for affluent
and non-affluent study centres. The log-odds-ratio for
interaction was derived as the difference between the
stratum-specific log-odds-ratios, and its variance was
estimated as the sum of the variances of each of the
stratum-specific log-odds-ratios. For the children aged
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13-14 years, data for 242 centres in 98 countries with
814836 participants were submitted to the ISAAC
International Data Centre for data analyses. For
children aged 6-7 years, data for 165 centres in
65 countries with 421544 participants were submitted.
Adherence to the ISAAC protocol was assessed, and
centres with serious deviations from protocol (<70%
response rate for the adolescents and <60% for the
children, and centres with <1000 participants for both
age groups) were excluded from the worldwide data
analyses.”” For inclusion in the final analysis, centres
needed 70% or more of participants with data for the
use of cooking fuels and all covariates. SAS version 9.1
was used for all analyses.

Role of the funding source

The study sponsors had no role in the study design, data
collection, analysis, data interpretation, writing of the
report, or the decision to submit the paper for publication.
The authors had the responsibility to write and submit
the paper for publication, with the involvement of the
ISAAC Phase Three Study Group. The corresponding
author had full access to all the data and the final
responsibility to submit for publication.

Results

Data were collected between 1999 and 2004. In the
initial statistical models, there were 198398 children
aged 6-7 years from 70 centres in 29 countries (figure 1)
and 314309 children aged 13-14 years from 108 centres
in 47 countries (figure 2). Tables 1 and 2 show the dis-
tribution of the use of different types of fuel for cooking
by region for the two age groups (see appendix for the
prevalence rates of the various health outcomes in
relation to the use of different types of cooking fuel in
the two age groups). In the final multivariate analysis,
only those children with complete covariate data were
included (figures 1 and 2). As shown in tables 1 and 2,
the highest percentages for the use of any open fire or
open fire only were from Africa, the Indian subcontinent,
and the Asia-Pacific region. For the initial and final
multivariate analyses in both age groups, we detected
statistically significant and consistent associations
between the use of an open fire for cooking and current
symptoms of wheeze and asthma (tables 3 and 4). In the
multivariate analyses for children aged 13-14 years, the
“use of open fire only” for cooking was associated with
current wheeze as assessed by both the written and
video questionnaires (table 4). In children aged
6-7 years, “use of open fire only” for cooking was
associated with current wheeze, severe asthma
symptoms, and ever reported asthma (table 3).
Furthermore, in children aged 13-14 years, the use of
open fire only for cooking was associated with ever
reported eczema and current symptoms of eczema, and
the use of open fire in combination with other fuels for
cooking was also associated with ever reported eczema
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and current symptoms of eczema (table 4). In those
aged 6-7 years, the association between the symptom of
wheeze or severe asthma with the use of open fires only
seemed stronger compared with use of open fire in
combination with other fuel (table 3).

Tables 5 and 6 show the association between current
wheeze and the use of different types of cooking fuel
stratified by sex and country affluence. We did not detect
any significant interaction between sex and the use of
different fuels in their associations with current wheeze.
When stratified by country affluence, the associations
with current wheeze were statistically significant for the
two age groups for any open fires and open fire only in
non-affluent countries only, but tests for interaction
between country affluence and use of different fuels in
their associations with current wheeze were not
significant (appendix).

In both age groups, symptoms of wheeze and ever
reported asthma were not associated with the use of gas
as a cooking fuel (table 7). Furthermore, none of the
associations of these outcomes with gas cooking was
statistically significant when stratified according to sex or
country affluence in either age group (tables 5 and 6).

N Multiple Other Any Openfire Gasonly Electricity
non-fire fuelonly openfire only (%) (%) only (%)
fuels (%) (%) (%)

Africa 2308 0% 42% 21% 0% 23% 14%
Asia-Pacific 27022 11% 1% 1% 2% 78% 7%
Eastern Mediterranean 14977 3% <0-5% 1% <0-5% 94% 1%
Indian subcontinent 42521 4% 9% 3% 4% 79% 1%
Latin America 46586 3% <0-5% 1% 1% 91% 5%
North America 3948 1% 0% <0-5% 0% 67% 32%
Northern and eastern 15139 5% <0-5% 1% 3% 65% 26%
Europe
Oceania 10810 7% <0-5% <0-5% 1% 9% 82%
Western Europe 35087 4% 1% <0-5% 1% 61% 33%
All centres 198398 5% 3% 1% 2% 74% 15%
Table 1: Global use of different types of fuels for cooking (children aged 6-7 years)

N Multiple Other Any Fireonly Gasonly Electricity
non-fire  fuel open fire (%) (%) only (%)
fuels (%) only (%) (%)

Africa 27563 6% 3% 11% 18% 43% 18%
Asia-Pacific 49820 8% 4% 3% 3% 71% 12%
Eastern Mediterranean 15523 4% 1% 2% <0-5% 91% 3%
Indian subcontinent 41703 3% 8% 6% 3% 78% 1%
Latin America 79606 5% <0-5% 3% 2% 81% 9%
North America 5290 1% 1% 1% 0% 54% 43%
Northern and eastern 26922 7% <0-5% 2% 3% 53% 35%
Europe

Oceania 19282 10% 1% 6% 12% 19% 53%
Western Europe 48600 6% 1% <0-5% 1% 57% 35%
All centres 314309 6% 2% 4% 4% 66% 18%

Table 2: Global use of different types of fuels for cooking (children aged 13-14 years)
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Adjusted model

Multivariate analysis

Any use of open
fire

Use of open fire
only

Any use of open fire

Use of open fire
only

Current wheeze

Current symptoms
of severe asthma

Asthma ever

Current symptoms
of
rhinoconjunctivitis

Hay fever ever

Current symptoms
of eczema

Eczema ever

1.78 (1:51-2:10)
1.83 (1-42-2:35)

137 (110-1:71)

124 (0-97-1-59)
116 (0-90-1-49)
0-93(0-73-1-21)

0-80 (0-64-1-00)

179 (1.52-2:10)
1-80 (1-40-2:32)

126 (1:06-1-49)
1.06 (0-86-1:30)
1.09 (0-91-1-31)
114 (0-96-1:35)

0-97 (0-82-1-15)

1.51 (1-25-1-81)
133 (1:02-1.73)

132 (1-08-1-61)
1.02 (0-80-1:30)
1.06 (0-84-1-33)

110 (0-91-1:33)

0-90 (0-74-1-09)

2-17 (1-64-2-87)
179 (118-2-70)

145 (1.03-2-03)
112 (0-74-1-69)
120 (0-79-1-82)
1.08 (0-75-1-55)

0-64(0-45-0-93)

Data are odds ratio (95% Cl). The reference category for these estimates is electricity only used for cooking.

Table 3: Association between any use of open fire and open fire only for cooking and current symptoms
of asthma, rhinoconjunctivitis, and eczema (children aged 6-7 years)

Adjusted model Multivariate analysis
Any use of open Use of open fire Any use of open fire  Use of open fire
fire only only

Current wheeze

Current wheeze
(video)

Current symptoms of
severe asthma

Asthma ever

Current symptoms of
rhinoconjunctivitis

Hay fever ever

Current symptoms of
eczema

Eczema ever

120 (1-06-1-37)
142 (1-18-1.71)

131 (1-12-1:52)

124 (110-1-40)
109 (0-96-1-24)

110 (0-96-1-26)
1.35 (1-17-1.56)

123 (1-07-1-42)

119 (1-05-135)
137 (114-1-64)

129 (1.10-1:50)

1.23 (1-09-139)
1.07 (0-95-1-21)

1.09 (0-95-1-25)
129 (1.13-1-49)

122 (1-06-1-40)

1:35 (1-15-1:58)
174 (1-41-213)

119 (0-98-1-46)

148 (1-28-1.72)
1.08 (0-91-1-28)

1-15 (0-95-1-40)
137 (1-13-1-66)

135 (112-1-62)

1:35 (1-11-1-64)
1.87 (1-46-2-40)

1-20 (0-93-1:55)

170 (1-43-2:03)
1.02 (0-83-1-26)

1.08 (0-85-1-38)
133 (1-07-1-66)

142 (1.14-1.76)

Data are odds ratio (95% Cl). The reference category for these estimates is electricity only used for cooking.

Table 4: Association between any use of open fire and open fire only for cooking and current symptoms
of asthma, rhinoconjunctivitis, and eczema (children aged 13-14 years)
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Discussion

The findings from this large multicentre survey show
that the use of open fires for cooking is associated with
symptoms of asthma and ever reported asthma in school
children of two age groups: 6-7 years and 13-14 years.
The associations were consistent between sexes.
Furthermore, the associations were similar using three
different validated methods to assess the symptoms of
current wheeze or ever reported asthma (self-completed
written questionnaire and video questionnaires for
children aged 13-14 vyears and parent-completed
questionnaires for children aged 6-7 years).?” When
stratified according to country affluence, we found that
current wheeze was associated with open-fire cooking in
non-affluent countries only.

The potentially detrimental effects of indoor air
pollution on the development of respiratory diseases have
attracted much attention from the research community.

Household air pollution from burning of solid fuels has
been shown to be a leading risk factor for global disease
burden.” The association between acute lower respiratory
tract infections and exposure to household burning of
biomass has been investigated in several studies and the
association has been consistent (panel).”* However,
restricted data are available for the relation between
burning of biomass and asthma. In epidemiological
studies, accurate assessment of exposure can be difficult
because the intensity of exposure depends on a range of
factors such as proximity to the source of pollution, the
duration of exposure, and the ventilation system available
in the household. The concentrations of pollution from
cooking by open fire with indoor burning of biomass are
commonly in the order of hundreds and might be up to
several thousand pm/m3 of particulates smaller than
10 pm in diameter (PM,,).*** Furthermore, households
using biomass fuel in low-income and middle-income
countries do not usually have effective ventilation systems
to reduce the indoor levels of pollutants. In high-income
countries, the effects of gas stoves and other combustion
appliances on respiratory symptoms and lung function
have been studied extensively. The use of domestic gas
appliances has been associated with respiratory symptoms
and a diminished respiratory function in children.**
However, the evidence was conflicting as to whether the
use of gas cooking is associated with asthma.

About half the world population is exposed to
household air pollution from the burning of coal or
biomass in open fires, the use of these forms of energy
sources have received much attention. The use of
biomass fuel has been estimated to be more important
than smoking of tobacco as a risk factor for COPD
globally* In a meta-analysis done by Kurmi and
colleagues, strong associations between the use of solid
fuel and COPD (OR 2-80 [95% CI 1.18-4-00]) and
chronic bronchitis (2-35 [1-92-2-80)] were seen.” Ex-
posure to wood smoke was associated with the greatest
risk of development of COPD and chronic bronchitis. In
high-income countries, most research studies have
focused on the possible effects of the use of gas as
cooking fuel. Available data are inconsistent, with some
studies showing a positive association between gas
cooking and asthma and others showing no association.
A multicentre study of children from three Chinese cities
showed that exposure to gas cooking was one of the risk
factors explaining the higher prevalence of childhood
asthma in Hong Kong when compared with children
from mainland China.® However, the PIAMA birth
cohort study did not find any association between gas
cooking and any of the respiratory outcomes assessed,
including asthma.* Furthermore, the results from the
European Community Respiratory Health Survey of
more than 10000 adults from 11 countries did not show
any association between the use of gas for cooking and
obstructive respiratory symptoms.” Some of these
inconsistencies can be explained by errors in exposure
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Countries Centres(n) Children Multiplenon-  Otherfuelonly Anyuseofopen Openfireonly  Gasonly

(n) (n) fire fuels fire
Girls 21 44 48743  131(112-154) 0-86(0-43-172) 1.56 (119-2:05) 1.93(1-23-3:02) 0-92 (0-82-1-03)
Boys 21 44 48983  1.09(0-94-1-27) 1-10(0-64-1.90) 1.45(1-13-1-87) 2:35(1-64-3:37) 0-99(0-89-1.09)
Affluent countries 6 19 42047 122 (1:07-140) 0-84(0-45-1:57) 1.27(0-90-1.79) 1.55(0-78-311) 1.01 (0-92-1-10)
Non-affluent countries 15 25 55679 110 (0-90-134) 112 (0-61-2:04) 149 (118-1-88) 2:11(1.53-2:90) 0-88 (0-76-1-01)

Data are odds ratio (95% Cl), unless otherwise stated. The reference category for these estimates is electricity only used for cooking.

Table 5: Association between cooking fuels and current wheeze by sex or country affluence (children aged 6-7 years)

Countries Centres (n) Children Multiplenon-  Otherfuelonly  Anyuseofopen Openfireonly  Gasonly

(n) (n) fire fuels fire
Girls 31 65 78550 1.25(1-06-1-48) 072 (0-49-1:06) 1:31(1-05-1-64) 1-36(1-04-1.78) 0-98 (0-89-1.09)
Boys 31 65 75737 1.06(0-89-127) 0-98(0-70-138) 1-39(1-11-1.74) 1-36(103-1.78) 1.00 (0-90-1-12)
Affluent countries 5 17 43344 1.08(0-90-131) 1.04(0-70-1.56) 0-98 (0-61-1-56) 075 (0-32-1-75) 1-00 (0-90-1-11)
Non-affluent countries 26 48 110943 118 (1:01-139) 074 (0-53-1-04) 1-38(1-16-1-65) 139 (1-13-1.71)  0-98 (0-88-1-09)

Data are odds ratio (95% Cl), unless otherwise stated. The reference category for these estimates is electricity only used for cooking.

Table 6: Association between cooking fuels and current wheeze by sex and country affluence (children aged 13-14 years)

assessment or differences in the toxicity of the pollutant

mixtures. The type and efficiency of the ventilation Adjusted model g’ﬂt;;’;riate
systems could also have affected the relation between gas
6-7 years 13-14 years 6-7 years 13-14 years

cooking and respiratory symptoms.

In poor countries, the use of open fire associated with Current wheeze 098 (0:92-1.04)  0-99 (0-94-1-:04)  0-96 (0-89-1-03)  0-99 (0-92-1.07)
use of biomass burning for cooking is far more common Currentsymptomsof ~ 1.01(0:92-110) ~ 0-97(0-91-1:03) ~ 0.97(0-87-1:09)  0-97 (0-89-1:07)
than the use of gas or electricity. Indoor air pollution severe asthma
from biomass burning has been associated with a variety Asthma ever 0-95(0-89-1:01)  0-98(0:93-1.02)  0-94(0-88-1:02)  0-99 (0-93-1:05)
of respiratory illnesses such as respiratory tract infection, Currentsymptomsof ~ 1.04 (0-97-1.01)  0-96 (0-91-1-01)  1.00 (0-92-1-09)  0-99 (0-92-1.06)

asthma, and bronchitis.” In a study from Kentucky, USA,

rhinoconjunctivitis

. Hay f 1.02(0-95-1.09)  0-96 (0-91-1:01)  1.00(0-92-1.09)  0-99 (0-92-1.0
adults reported to have used coal or wood indoors for Cay everever ] (st Boaily 6) ¢ 98 DR o)
cooking for more than 6 months had an increased risk of e:;;:; symptomsof - 0-97(0:91-1:03)  1.00(094-1:06)  0:94(0-87-1:02)  1:00(052-1.09)

asthma (OR 2-3 [1-1-5-0])." A study of 1058 children
aged 4-6 years from Guatemala showed that exposure to
open fires for cooking was associated with symptom of
wheeze (OR 3-4 [1-3-8-5])."® A study of 755 children
from rural villages in India reported that the use of
biomass burning was associated with doctor-diagnosed
asthma (OR 4-27 [3-00—4-90]).* In addition to many
studies showing the association of indoor air pollution
and respiratory symptoms, findings from several studies
have suggested an association between traffic-related air
pollution and symptoms of eczema.”* Our results also
showed that there was a consistent association between
use of open fire for cooking and reported eczema
diagnosis and symptoms of eczema in the older age
group, but there was a weak protective effect of the use of
open fire only on eczema diagnosis in the younger age
group (table 3, multivariate analysis). Two studies have
shown a positive association between eczema and the
levels of indoor air pollutants such as PM,, nitrogen
dioxide and carbon monoxide.”* The normal skin barrier
is impaired in patients with eczema. This defect of skin
barrier function might enhance the penetration of
environmental pollutants or allergens into the skin,
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Eczema ever 0-91(0-86-0-96)  0-99 (0-93-1-04)

for cooking.

0-93 (0-88-0-99)

1.01 (0-93-1-09)

Data are odds ratio (95% Cl), unless otherwise stated. The reference category for these estimates is electricity only used

rhinoconjunctivitis, and eczema, by age group

Table 7: Association between use of gas only for cooking and current symptoms of asthma,

resulting in inflammatory responses and persistent
symptoms of eczema. Chronic exposure to pollutants
could also disrupt the normal skin barrier resulting in
increased sensitivity to chemicals or allergens. Further
studies are needed to clarify these associations between
environmental pollution and eczema, and to expose the
possible underlying mechanisms.

The large sample size, the use of standardised methods
of assessment, and validated instruments are the strengths
of this study. Findings from four validation studies have
substantiated the assocation between current wheeze and
asthma-related  bronchial  hyper-responsiveness  or
confirmation of asthma by physician assessment.** Our
results are consistent with those of other studies in finding
that the use of an open fire for cooking was associated with
wheeze symptom and reported asthma in both age groups.
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Panel: Research in context

Systematic review

We searched PubMed for reports published before March 18,
2013, with the following combinations of the search terms
“cooking fuel” and “asthma”, and “biomass fuels” and
“asthma”. We identified 40 and 29 reports, respectively.
Most of these reports were review articles or studies of the
possible effects of gas cooking in rich countries. There were
only seven studies investigating the effects of biomass
burning and asthma. Among them, only two studies
investigated the association in children and both studies
were from poor countries. The results of these studies were
inconsistent as to whether exposure to biomass burning was
associated with asthma or not.

Interpretation

We report a positive association between cooking with open
fires and the symptoms and diagnosis of asthma in childhood
in both affluent and non-affluent countries. No association was
seen with the use of gas. Because cooking with open fires with
biomass or coal is very common, especially in non-affluent
countries, more detailed studies are urgently needed to
establish whether the relation is causal and to assess
intervention strategies.

Although not statistically significantly different, the
younger age-group seemed to have higher ORs for current
wheeze for the exclusive use of open fires as compared with
the use of an open fire in combination with other fuels.
When stratified according to country affluence, associations
tended to be seen only in non-affluent countries. Many
factors might affect the health effects of air pollution
generated from open fire cooking. These would include the
frequency of use of open fire cooking, the type of housing,
and the availability and efficiency of kitchen ventilation
systems. Most households using open fires for cooking in
less affluent countries are usually not equipped with an
efficient ventilation system.” By comparison with the
situation in less affluent countries, kitchen ventilation is
likely to be better in homes in affluent countries and this
factor could partly explain the discrepancy in the effect of
the use of open fire for cooking between affluent and non-
affluent countries. A randomised controlled study of
552 women from rural Mexico showed that the use of an
improved biomass stove with lower levels of pollution was
associated with a reduction of respiratory symptoms and of
lung function decline.® A major limitation of our study is
that we do not have information related to the frequency of
open fire cooking and information about kitchen ventilation
that would allow us to test these hypotheses. Our environ-
mental questionnaire did not enquire about information
related to exposure during pregnancy such that we could
not test if exposure factors during pregnancy were
associated with various health outcomes in question. The
absence of information about the use of asthma drugs is
another limitation. Our results would have been

strengthened if we could show the association of asthma
drug use and exposure to open fire cooking. Furthermore,
family history of allergies is a potential confounder but
adjustment for parental allergies in our regression models
did not change our results.

There are several factors that could affect the validity of
our results. In particular, selection bias and recall bias
could have led to a spurious positive association between
the exposure of open fire cooking and asthma symptoms.
We think this is unlikely to explain the present findings
because there is coherence between the initial analyses
using all available children and the final analyses in
selected children adjusted for important covariates, and
the results are consistent across the two age groups using
three different methods to identify asthma. By contrast
with parents of the younger children, children aged
13-14 years are unlikely to be aware of the potential
relation between the exposure and asthma symptoms
making recall bias less likely. With regards to possible
misclassification of exposure, this problem would bias
our results towards the null hypothesis. The negative
findings from children exposed to open fire cooking in
affluent countries might be explained by the lack of
statistical power owing to the small sample size.
Determination of whether current asthma symptoms
were related to the acute exposure or long term exposure
could be of interest, but our risk factor questionnaire did
not obtain information about the types of cooking fuel
used in early life or when the mother was pregnant with
the child. The use of multiple non-fire fuels was
associated with wheeze in girls in both age groups, and
in the younger children in affluent countries (tables 5
and 6). This category of fuel refers to the use of different
combinations including gas, electricity, microwave, and
even solar energy. Because many of these fuels are
thought to be clean sources of energy, the reason for this
association is not clear. However, families who can afford
the use of multiple types of fuels might have a higher
socioeconomic status and if these were more likely to
report symptoms or a diagnosis of asthma, a possibility
of residual confounding by socioeconomic status could
exists that would not be accounted for by the inclusion
maternal education in our statistical model.

If the association between open fire cooking and
asthma is causal, this factor might be a major modifiable
risk factor of asthma in children worldwide. However,
more detailed investigations are needed to confirm and
quantify this association, understand the underlying
mechanisms, and assess intervention strategies. Our
results provide further evidence that public policies and
measures to reduce indoor air pollution from burning of
biomass will translate into significant health benefits
especially in developing countries.
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